In this paper, we design the EDAS (evaluation based on distance from average solution) model with picture 2-tuple linguistic numbers (P2TLNs). First, we briefly reviewed the definition of P2TLSs and introduced the score function, accuracy function, and operational laws of P2TLNs. Then, we combined the traditional EDAS model for multiple criteria group decision making (MCGDM) with P2TLNs. Our presented model was more accurate and effective for considering the conflicting attributes. Finally, a numerical case for green supplier selection was given to illustrate this new model, and some comparisons were also conducted between the picture 2-tuple linguistic weighted averaging (P2TLWA), picture 2-tuple linguistic weighted geometric (P2TLWG) aggregation operators and EDAS model with P2TLNs, to further illustrate the advantages of the new method.
Introduction
The traditional EDAS (evaluation based on distance from average solution) method [1] , which can consider the conflicting attributes, has been studied in many multi-attribute decision making (MADM) problems. By computing the average solution (AV), this model can describe the difference between all the alternatives and the AV based on two distance measures which are namely PDA (Positive Distance from Average) and NDA (Negative Distance from Average), the alternative with higher values of PDA and lower values of NDA is the best choice. Until now, lots of MADM methods such as the VIKOR (VIseKriterijumska Optimizacija I KOmpromisno Resenje) method [2, 3] , the ELECTRE (ELimination and Choice Expressing the Reality) method [4] , the TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) method [5] , the PROMETHEE (Preference Ranking Organisation Method for Enrichment Evaluations) method [6, 7] , the GRA (Grey relational Analysis) method [8] , the MULTIMOORA method [9] and the TODIM (an acronym in Portuguese for Interactive Multi-Criteria Decision Making) method [10] [11] [12] were broadly investigated by a large amount of scholars. Compared to the existing work, the EDAS model owns the merit of only taking AVs into account with respect to the intangibility of decision maker (DM) and the uncertainty of the decision making environment to obtain more accurate and effective aggregation results.
Atanassov [13] introduced the concept of intuitionistic fuzzy sets (IFSs), which is a generalization of the concept of fuzzy sets [14] . Atanassov and Gargov [15] , and Atanassov [16] proposed the concept The structure of our paper is organized as follows: definition, score function, accuracy function, and operational formulas of P2TLNs are briefly introduced in Section 2. We introduce some aggregation operators of P2TLNs in Section 3. We combine the traditional EDAS model for MCGDM with P2TLNs, and the computing steps are simply depicted in Section 4. In Section 5, a numerical example for green supplier selection has been given to illustrate this new model, and some comparisons between the use of P2TLWA and P2TLWG operators in the EDAS model with P2TLNs were also conducted to further illustrate the advantages of the new method. Section 6 describes some conclusions of our work.
Preliminaries
In the following, we introduced some basic concepts related to 2-tuple linguistic term sets and PFSs.
2-Tuple Linguistic Term Sets
Let S = {s i |i = 1, 2, · · · , t } be a linguistic term set with odd cardinality. s i represents a possible value for a linguistic variable, and it should satisfy the following characteristics [61] :
(1) The set is ordered:
For example, S can be defined as S = {s 1 = extremely poor, s 2 = very poor, s 3 = poor, s 4 = medium, s 5 = good, s 6 = very good, s 7 = extremely good}.
Herrera and Martinez [60] defined the 2-tuple fuzzy linguistic representation model based on the concept of symbolic translation. It is utilized for depicting the linguistic information with a 2-tuple (s i , α i ), where s i is a linguistic label from predefined linguistic term set S, and α i is the value of symbolic translation, and α i ∈ [−0.5, 0.5) .
Picture Fuzzy Sets (PFSs)
Definition 1 ([17] ). A PFS on the universe. X is an object of the form
where µ A (x) ∈ [0, 1] is called the "degree of positive membership of A", η A (x) ∈ [0, 1] is defined as the "degree of neutral membership of A", and ν A (x) ∈ [0, 1] is defined as the "degree of negative membership of A", and
) could be defined as the degree of refusal membership of x in A.
Definition 2 ([17]
). Let α = (µ α , η α , ν α ) and β = µ β , η β , ν β be two PFNs, the operation formula of them can be given:
According to Definition 2, the operation laws have the following properties [17] .
2.3. Picture 2-Tuple Linguistic Sets (P2TLSs)
In the following, we introduce the concepts and basic operations of the P2TLSs based on the PFSs [17] and 2-tuple linguistic information model [60] .
where
represent, respectively, the degree of positive membership, degree of negative membership, and degree of negative membership of the element x to 2-tuple linguistic variable s θ(x) , ρ .
, and a score function a can be defined as follows:
, and the accuracy function can be defined as follows:
be the scores of a 1 and a 2 , respectively, and let H( a 1 ) =
be the accuracy degrees of a 1 and a 2 , respectively, then if S( a 1 )
Some operational laws of P2TLNs are defined as follows:
Picture 2-Tuple Linguistic Aggregation Operators
In this section, we propose some aggregation operators with P2TLNs, such as the P2TLWA operator and the P2TLWG operator.
be a collection of P2TLNs, and the P2TLWA operator can be represented as
Based on the Definition 8, we can get the following result: Theorem 1. The aggregated value by using the P2TLWA operator is also a P2TLN, where
where ω = (ω 1 , ω 2 , . . . , ω n ) T is the weight vector of α j (j = 1, 2, . . . , n) and
be a collection of P2TLNs, the P2TLWG operator can be represented as
Based on Definition 9, we can get the following result:
Theorem 2. The aggregated value by using the P2TLWG operator is also a P2TLN, where
The EDAS Model with P2TLNs
The traditional EDAS method [1] , which can consider the conflicting attributes, has been studied in many MCDM problems. By computing the average solution (AV), this model can describe the difference between all the alternatives and the AV based on two distance measures which are namely PDA (positive distance from average) and NDA (negative distance from average); the alternative with higher values of PDA and lower values of PDA is the best choice. To combine the EDAS model with P2TLNs, we construct the EDAS model so the evaluation values are presented by P2TLNs. The computing steps of our proposed model can be established as follows.
Suppose there are m alternatives {δ 1 , δ 2 , . . . δ m }, n attributes {G 1 , G 2 , . . . G n }, and r experts {a 1 , a 2 , . . . a r }, let {ω 1 , ω 2 , . . . ω n } and {θ 1 , θ 2 , . . . θ r } be the attribute's weighting vector and expert's weighting vector which satisfy
Step 1.
Construct the picture 2-tuple linguistic decision matrix R = r ij m×n = s ij , ρ ij , µ ij , η ij , ν ij m×n , i = 1, 2, . . . , m, j = 1, 2, . . . , n, which can be depicted as follows. 
where r ij denotes the P2TLNs of alternative ϑ i on attribute U j by expert q r .
Step 2. Normalize the evaluation matrix R = r ij m×n to R = r ij m×n .
For benefit attributes:
For cost attributes:
Step 3. According to the decision making matrix R = r ij m×n and expert's weighting vector {δ 1 , δ 2 , . . . δ r }, we can utilize overall r ij to r ij by using P2TLWA or P2TLWG aggregation operators, and the computing results can be presented as follows. 
Step 4. Compute the value of AV based on all proposed attributes;
Based on Definition 8,
Step 5. According to the results of AV, we can compute the PDA and NDA by using the following formula:
For convenience, we can use the score function of P2TLNs presented in Definition 4 to determine the results of PDA and NDA as follows.
Step 6. Calculate the values of SP i and SN i which denotes the weighted sum of PDA and NDA, the computing formula are provided as follows.
Step 7. The results of Equation (23) can be normalized as
Step 8. Compute the values of appraisal score (AS) based on each alternative's NSP i and NSN i .
Step 9. According to the calculating results of the AS, we can rank all the alternatives; the bigger the value of AS is, the better the selected alternative will be.
The Numerical Example

Numerical for MCGDM Problems with PFNs
In this section, we provide a numerical example for green supplier selection by using EDAS models with P2TLNs. Assuming that five possible green suppliers ϑ i (i = 1, 2, 3, 4, 5) are to be selected and there are four criteria to assess these green suppliers: 1 U 1 is the price factor; 2 U 2 is the delivery factor; 3 U 3 is the environmental factors; 4 U 4 is the product quality factor. The five possible green suppliers ϑ i (i = 1, 2, 3, 4, 5) are to be evaluated with P2TLNs with the four criteria by three experts, a r (attributes weight ω = (0.22, 0.36, 0.28, 0.14), expert's weight δ = (0.24, 0.45, 0.31).).
Step 1. Construct the evaluation matrix R = r ij m×n , i = 1, 2, . . . , m, j = 1, 2, . . . , n for each of the three experts, which are listed in Tables 1-3 . Step 2. Normalize the evaluation matrix R = r ij m×n to R = r ij m×n ; if all the attributes are benefitted, then normalization is not needed.
Step 3. According to the decision making matrix R = r ij m×n and expert's weighting vector {δ 1 , δ 2 , . . . δ r }, utilize overall r ij to r ij by using the P2TLWA aggregation operator, and the computing results can be presented as follows in Table 4 . Table 4 . The fused values by using picture 2-tuple linguistic weighted averaging (P2TLWA) operator. Step 4. According to Table 4 , we can obtain the value of the AV based on all proposed attributes by Formula (16), which is listed in Table 5 . Step 5. According to the results of the AV, we can compute the PDA and the NDA by using the Formulas (19) and (20) , which are listed in Tables 6-8. Step 6. By calculating the values of SP i and SN i by Equation (23) Step 7. The results of Step 6 can be normalized by Formula (24) and are listed as Step 9. According to the calculated results of AS, we can rank all the alternatives; the bigger the value of AS is, the better the selected alternative will be. Clearly, the rank of all alternatives is 3 , and ϑ 2 is the best green supplier.
Compare P2TLNs EDAS Method with Some Aggregation Operators with P2TLNs
In this section, we compare our proposed picture 2-tuple linguistic EDAS method when using either the P2TLWA operator or the P2TLWG operator. According to the results of Table 4 and attributes weighting vector ω = (0.22, 0.36, 0.28, 0.14), we can utilize overall r ij to r i by using the P2TLWA and P2TLWG operators, which is listed in Table 9 . According to the score function of P2TLNs, we can obtain the alternative score results which are shown in Table 10 .
The ranking of alternatives by some P2TLN aggregation operators are listed in Table 11 .
Comparing the results of the picture 2-tuple linguistic EDAS model using either P2TLWA or P2TLWG operators, the aggregation results are slightly different in the ranking of alternatives, and the best alternatives are the same. However, the picture 2-tuple linguistic EDAS model has the valuable characteristic of considering the conflicting attributes, and can be more accurate and effective in the application of MCGDM problems. 
Conclusions
In this paper, we present the picture fuzzy EDAS model for MCGDM based on the traditional EDAS model and some fundamental theories of P2TLNs. First, we briefly reviewed the definition of P2TLNs and introduced the score function, accuracy function, and operational laws of P2TLNs. Next, to fuse the P2TLNs, we introduced some aggregation operators of P2TLNs. Furthermore, we combined the traditional EDAS model with P2TLNs, the picture fuzzy EDAS model for MCGDM was established, and the computing steps were simply depicted. Our presented model was more accurate and effective for considering the conflicting attributes. Finally, a numerical example for green supplier selection was given to illustrate this new model and some comparisons between P2TLWA and P2TLWG operators using the P2TLN EDAS model were also conducted to further illustrate advantages of the new method. In the future, the picture fuzzy EDAS model can be applied to risk analysis, MADM problems [62] [63] [64] [65] , and many other uncertain and fuzzy environments [44, [66] [67] [68] [69] [70] [71] .
